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Fifty pat ients, 45 males and 5 females,  from differen t  parts of the l eprosy spectrum 
and at  various stages o f  the disease and its t rea tment ,  were exa mined both by 
m ul t i pIe skin s mears, nasal scra p ings and a lso by qua lit at ive histo logy anel 
quan titat ive bacteriology of sk in ,  dartos, lymph node ,  nasal mucosa , muscle and 
nerve. A total  of 797 tissues were stuelied by histology as wel l  as homogenizat ion .  

Qur study revealed lhat  the qualitat ive involvement  and quan t i tat ive baci l lary 
l oael in the  nerves was highest of a l i  lhe  t issues examined.  A h igh incidence of  
M .  leprae i n  the  nerves of tuberculoid pat ients (40%)  as opposed to other 
tissues-sk in  ( 7 %) ,  dartos (8%),  nasal  mucosa ( 7 %) ,  ly mph node ( 7 %) ,  volu ntary 
muscle ( 0%) was also observed .  The nerve was also found to be a major  anel the  
most  important reservoir o f  M. leprae. Scrota l  sk in  biopsy was  shown to be a 
suitable and  p ractical  s ite for diagnosis of leprosy . A smear obtaineel from the 
homogenate of  the scrotal sk in  can be a useful investigation  whe n  h istological 
fac ilit ies are not ava ilab lc. The findings of  h isto logy and homoge nizat ion correia te 
fairly well except in  the  skin where homogenization (24%) was better than 
histo logy ( 1 8 %) for  de tect ion o f  bac i l l i .  Nasal mucosa had a s im ilar baci l lary load 
whi le  the  Iymph node showed a h igher  load . The importance of voluntary or 
involuntary muscle (dartos) as a reservoir of M. leprae was not  borne out in  our 
st udy .  

l n troduction 

Mycobacterium leprae was first demonstrated by Hansen in 1 8 7 3 .  Since then the 
presence of M. leprae has been associated with Ieprosy infect ion in man even 
though the organism has not yet been cuItured in vitro. Shepard (1 960) 
demonstrated a I im i ted growth of M. leprae in the footpad of  normal mice and 

This  work was unde rtaken in  the Research Laboratory of the T A  T A Deparlment  of  Plast ic  
S urgery , Bombay-8 . 
Received for p ub lication 22nd J a n uary,  1 9 7 6 .  
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Rces an el Wcelde l l ( 1970) havc elescri beel l es i ons  i n  the tissucs of m ouse rese m bling 
t1lOse of man o  

Though l es ions  i n  nerves a n el othe r t i ssucs have been known s i nce the  ear l i es t  
wri t i ngs on th is  el i seasc ( Dan i elssen an el Boeck ,  1848), i t  i s  the externa i v i s i b l e  
cuta neous l es i ons  wh ich  have he lel t he i n te rest of lepro log i s ts . The present methoel 
of eleclaring a pat ient i n fec t ious or non- i n fectious is baseei on smears from the 
sk i n  an el the nasa l  mucosa . H istologi cal exam ination w hen performeel for 
eliagnosti c purposes is a l m ost i nvar iab ly  of the skin. Khanolkar (195 I, 195 5), 
Dastur ( 1955), Lumselen  ( 1964 )  an el Antia el aI. (1970) have described the 
presence of M. leprae in Schwann cells of peripheral nerves. Pearson et aI. ( 1970) 
have demonstrateel the organ ism i n  the striateel muscle of mice anel man anel state 
t ha t  t he  M orpho log ica l  I n elex  is higher in muscle than in s k i n .  Job et aI. (1969 ), as 
we l l  as Harma n ( 1968), e1emonstrateel M. leprae i n  the  non-str i a ted muscle of the 
scrotum. The orga n isms h ave been d esc ribeel i n  the Iymph noeles (Turk anel  
Wa l t e rs, 1968), testes, liver, spleen, bone marrow an el even i n  the bra i n  anel  
cerebrospinal nuiel (Va i e lya e l  aI., 1970 ) . Al most a l i  tissues are i nvaded in 
leproma tous leprosy . 

M ost of these fi n el i ngs are of a qua l i tative na ture though Pearson has e1escribed 
quanti ta t ive fi n d i ngs i n  human  musc l e  an el s k i n .  

T h i s  stuely was unelertaken to establish quantitatively the loael of M. leprae i n  
var i ous tissues .  Un l i ke  many others , th i s  was not a post-mortem stuely, nor was it 
restri cteel to t he lepromatous side of the spectrum. I t  involveel patients from 
e1ifferent parts of the spectrum and  at various stages of the disease and its 
treat ment . I t  was hopeel that the study may help to a better unelerstaneling of 
tissue i nvas ion i n  l eprosy anel ielent i fy tissues which are a repository of M. leprae. 

Ma teriaIs and Methods 

The n a t ure o f  this investigation was explained to patients unelergoing 
reconstructive surgery i n  the Tata Department of Plastic Surgery. Forty-five male 
anel 5 female subjects volunteereel to offer tissue biopsies. A detailed history and 
physical signs were recoreleel in each case including t h e  e1uratio n  of the disease anel 
regularity or otherwise of treatment. The Lepromin Test was performeel using 
Mitsuela antigen and reael at 21 days. Skin smears by the slit anel scrape methoel 
were taken from the ear, foreheacl, cheek, buttock, a skin patch anel also from the 
nasal mucosa, and examined for acid fast bacilli arter Ziehl Neelsen staining. 

BIOPS IES 

The following biopsies were obtained under general anaesthesia. 
I .  Skin: an elliptical biopsy from the margin of one or more of the most recent 

anel active lesions penetrating to e1eep fascia, i n  ali 50 cases. 80 skin biopsies were 
obtaineel. 

2. Nasal mucosa: a small mucosal biopsy of an average weight of 40 mg was 
obtaineel from one surface of the septum in 47 cases. The underlying cartilage was 
included in some cases. 

3. Dartos: scrotal skin and underlying e1artos muscle biopsy was performed in 
ali 45 male patients. ( 

4. Musc/e: 84 biopsies were taken from paralysed as well as unparalysed 
muscles including nexo r digitorum sublimis, tibialis posterior, tibialis anterior, 
flexor carpi ulnaris, first dorsal interosseous, triceps, platysma, etc. 
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5 .  Lymph nade: of the  total  5 6  l ymph nodes b iops ied,  there were 34 a x i l l ary ,  
1 5  i ngu ina ,  6 supra troch lear  and I cerv ica l  regio n .  M u l t i p l e  b iops ies were 
ob ta i ned in 5 cases. 

6.  Ner)Je: th is varied from a bund le  b iopsy of as l i tt le as 1 6  mg in cases wherc 
the nerve was not paralysed to total exc is ion b iopsy of  a segme n t of the nerve,  
we igh ing 4 6 5  mg i n  a tota l ly para lysed nerve .  The total  1 07 b iopsies i n cludcd : the 
u lnar nerve in the arm 28, u l nar nerve in the forearm 1 6 , median nerve 4 ,  rad ia l  
cutaneous nerve 1 8 , i ndex  branch of rad ia l  cutaneous nerve 2 1 ,  latera l  popl i teal 
1 0, posterior t i b ia l  I, dorsal branch of ulnar 4,  sural I, digital I, greater auricu lar 
2, an terior cutaneous of the leg 1 .  Mul tip le  nerve b iopsies were obta ined i n  3 5  
cases ,  the u lnar  nerve be ing b iopsied s imul taneously above the e lbow and i n  the 
lower  forearm i n  1 8  cases. 

7. Bane Marro w :  t h is was Gbta ined by sternal puncture arter i n c is ing the s k i n  
i n  40 cases. 

Me thod: the i nstrumen ts were c1eaned with sp i ri t between biopsies . Each 
b iopsy was d iv ided approx imately into two halves for l igh t m i croscopy and 
homogen i za t ion .  (The we igh ts quoted are only for the  t issues wh ich  were weighed 
for homogen i zat ion . )  The average weight of  t he t issue for homoge n i za t ion  varied 
genera l ly between 1 00 to 400 mg. Formol Zenker was used as a fi xative and 5 .um 
th ick sect ions  were s ta ined wi th  T R I F F  and F i te  Faraco s ta ins .  In  cases where the  
biopsied t i ssue was  m i nute as i n  the index branch of rad ia l  cutaneous nerve or  
bundle  biopsy of  a nerve , i t  was  subjected only to I igh t microscopy.  Al i  ne rve 
t i ssues were a lso sta ined by the Holmes S i lver Techn ique of  1 5  .um sect ions . 
Sui table b iopsies of nerves were also fixed for e lectronmicroscopy .  

A manua l  glass homogen izer was  employed .  The  tissue was  weighed  on a 
Mett ler  ba lance accurate to 4 decimaIs .  0 . 1 % bov ine  a lbumin  i n  d i s t i l l ed  water was 
used as d i l uen t  in a rough proportion  of  I m l  d i luen t  for 200 mg of  tissue . 

Baci l lary coun t  was done as per the method of Rees ( 1 964) .  A standard i zed  
p lat inu m  l oop wi th  a volume of  0 .004 m l  was  used  for prod ucing 4 spots on a 

glass s l ide (each of 8 m m  d iameter) .  The s l ides were fi xed by i nverting them over 
a beaker of formal in for 5 min and then over a steam bath for 3 min o  They were 
sta ined by the "cold method" using 2% carbol fuchsin for 20 min o  The baci l l i  
were counted under  a flat  fie ld  obj ective of  x I 00 magnificat ion.  Thirty-two 
ITÚ croscop ic  fie lds  were counted per sl ide, but i f  they showed n o  bacil l i ,  1 00 fields 
were counted to exclude the presence of  any baci l l i .  The Morphological  I ndex  of 
baci l l i  for each t issue was also noted. In t issues showing the presence  of acid fast 
baci l l i ,  the homogenate was streaked on Lowenste in  J ansen medium and 0 .03 m l  
o f  i t  was inj ected i n t o  each h i n d  footpad o f  1 0  Swiss white mice without d i l ut ion . 
The h istological sect ions were scanned for the presence of  M. leprae and for the 
nature of the cells harbouring them.  The d isease was also c1ass ified h isto logica l \y .  
The T R I F F  s ta in  and histology were  done independent ly  i n  Bombay and by Dr 
D. J .  Harman a t  the Leprosy StudyCentre in  London.  

Results 

Fifty  cases were stud ied comprising 4 5  males and 5 females ;  age varied from I I  
to 5 1  years. The d u rat ion of the d isease varied from I I  months to 3 1  years and 
the t reatme n t  varied from O to 30  years .  The c1assification as per  the 
Rid ley-J op l ing Sca le  us ing both c l in icaI and histological cri teria and their relat ion 
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T A B U: I 

Type of leprosy and durar ioll of ch e m o rherapy 

Ty pe 
Pe r iod of c h c m o t h e ra p y  

( a rt e r  R i d l e y - J o p l i n g )  U n t re a t e d  0-4 y e a rs 5 y e a rs a n d  over  
- -- - -- -- . _---
T u b e rc u l o i d  
TT- BT 
Borderl ine 
B B- B L  
Leproma tous 
L L  

To t a l  

3 

2 

6 ·  

1 6  4 

l O  3 

2 9 

2 8  1 6  

T o t a l  

2 3  

1 4  

1 3 

5 0  

to t reat men t  is  g iven i n  Table I .  The dura t ion  and regular i ty of treatment  i s  
p lotted i n  Fig. I .  

Table 2 summarises the fi nd ings of  rout ine  smears and the bacteriological 
pos i t iv i ty of various t i ssues per pat i en t  and per n umber  of specimens, and i ncl udes 
act ual counts  /g of t issue .  

The  d i agnostic re l i ab i l i ty  of  homogenizat ion vs .  h isto logy was  evaluated for 
each t issue by find ing out  how often one method gave a posi t ive resu l t  when the 
other had fai l ed .  

Apply ing M c Nemar' s  Test to these data shows homogenizat ion to be superior 
to histology (P < 0 .05 ) at least i n  so far as skin was concerned (Table 3 ) . 

The bacteriological pos i t iv i ty of tissues corre lated to the  c lassi fication is shown 
in  Fig .  2 .  The t ubercu lo id nerves showed a h igh percentage of  posit ive resul ts  (6 
of 1 5  or  40%), as opposed to other tissues, wh i ch gave a very low percentage of  
posi t ive resu l ts  ( O  to 8%).  The d i fference between nerves and any of the other  
tissues excep t the m uscle,  was  not  signi ficant  (P > 0 . 0 5 )  when examined by 
Fischer's exact tes t .  

Analysis of variance showed that  the d ifference among the t issue averages was 

.. 
o " >-

-o 
c 

30 

o 1 0  1 
� " 
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O 

o 

5 1 0  1 5  2 0  

i • 
I x 

, 

2 5  3 0  3 5  40 4 5  50 

P a l l e n l  n u m be r  

Fig. 1 .  Duration and  regularity of treat ment .  (o) Earl iest  sy mptom ; (-) regualr treat m e n t ;  
(- x - ) irregular treat ment .  



TABLE 2 
Bacterlological positivlty of tissues per patien t a n d  per n u m ber of specim ens 

Tissue 
No. of Smears H istology No. of Histology N o . of 

patients % + ve % + ve b iopsies % + ve homoge nates 

Nerve 49 60 1 07 43  79  
Dartos 40 34 4 5  34 40 
Ly mph node 48 22 5 6  2 5  5 4 
Nose ( b iopsy ) 4 1  22 4 7  22 4 1  
Nose ( s mear) 48 1 4  
Skin ( biopsy )  50  1 8  80 1 5  80  

1 or 2 smears 48 1 2  
multiple smears 48 1 8  

Muscle 5 0  6 84 3 . 5  84 
Bone marrow 40 O 

Total 4 1 9  Total 3 7 8  

To tal t issues studied = 7 9 7 .  

% + ve 

4 1  
3 3  
2 5  
2 0  

2 1  

6 

Bacterial count 
(x 1 06 ) 

-----,- - - .-

34  ± 1 0. 6 
5 . 0  ± 1 0. 7  

1 0. 7  ± 9.2 
0 .65 ± 1 0. 6  

1 . 4 ± 7 . 6 

-0. 1 7  ± 7 .4 
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T A B U  3 

Diagn os tic reliabil i cy of homogen iza tion and h is cology by tissues 

Tissue 
No. + ve by 
homo o n l y  

--- -----
S k i n  5 
Dartos  I 
Ne rve 2 
Nasal  m u c osa O 
Ly m p h  node I 
M u scle 2 

No.  + ve b y  
x l . 

h i s t o  o n l y  
--- - -_. _ - -

O 5 
3 I 
8 3 . 6  
O O 
:2 0 . 3 3  

0 . 3 3  

.. Ca lc u la ted  b y  M c N e m a r' s  Test ( w it houl  Yates '  correcl ion :j: ) .  
t Leve i o f  s ig n ifica n ce P "  0 . 0 5 .  

:I: Feinste i n ,  A .  R .  ( 1 9 7 3 ) .  Clin icai Pharmac% gy a n d  Th erapeu tics 1 4 , 8 9 8 . 

T T - B T 
S k i n B B - B L  1 2 / 50 

D a r t o s  1 6/45 

N .rv. 3 1 / 50 

N o s a l  m u c o s a  1 0 / 4 8  

Lymph node 1 3/49 

MU lcle 1 5/50 

T i u u e  

B a c t er i o l o Q i c a l l y  + V E  a n d  c l a u i  f i c o t i o n  

S ig n i f i c a n l  
l i  i f ferc n cet 

S 
N S  
N S  
N S  
N S  
N S  

significant C F  5 ,3 7 2  = 2. 8 ;  P < 0 .05 ) .  Subsequent ly ,  s ince the num ber of obser­
vations in each group was not the same , a "standard error of difference" was 
calculated separately for each of the 1 5  individual d ifferences, and their 
significance tested by employ ing the Student's t- test . The average load of 
M. leprae i n  nerve was found to be signi ficantly higher CP < 0 .05 ) than that in  
skin ,  dartos, nasal mucosa and muscle, but not in Iymph node .  

HI STOLOGY 

The salient  findings wil l  be described tissuewise. 
Skin : this showed the classical changes as described by most authors .  
Dartos: there were  marked h istological changes in  the  region of the 

neurovascular bundles,  i . e .  Schwannian prol iferat ion,  macrophage and Iympho-
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cy t i c  i n fi l t ra t ion .  The bac i l l i  seen were a lmost a lways res tricted to these areas. 
The smooth muscle of  the dartos was rare ly infi l rratcd and showed the  presence 
of bac i l l i  i n  only 4 cases. 

Lymph node: the i ncrease i n  germina I  centres and rep lace m e n t  of the gland by 
macrophage i n fi l t ra t ion i n  advanced lepromatous le prosy was noted .  The baci l l i  
were ch ie tly i n  t h e  macrophages, rare ly  in  t h e  dendri t i c  ce l l s  of  t h e  germ ina I  
fo l l i cles .  

Nasal mucosa: there was loss o f  c i l i a  and s t ra t i ficat ion of  ep i the l i um in  the 
maj or i ty of cases ,  even in  the earl y ones .  This  was also observed on naked eye 
exami nat ion of  the sept u m  as a process of "creeping ep i t he l ia l i zat ion " .  

Voluntary muscle: i n fi l trat ion a n d  presence of  bac i l l i  was ch ie tly  i n  the 
i n t ramuscu lar  nerves and i n  the  in ters t i t i a l  t issue between n uscle fi b res .  Actua l  
i n fi l t ra t ion  of  muscle ( I eprous myosi t i s )  was  seen on ly i n  3 cases. 

Nerves: these showed by far the most advanced h is to logica l  ev idence of d isease 
out of  a l i  the t issues exam ined in  any ind ivi dua l  pat i en t .  Early cases showed 
Schwan n ce l l  p ro l i fera t io n .  Baci l l i  were seen both in  t he Sch wa n n  cel ls  and i n  
macrophages. They were genera l ly  bet ter  preserved i n  the  Schwann ce l l s  wh i le 
t hose i n  macrophages were usua l ly  granular .  

Conclusions 

The fol lowing conclus ions can be drawn from the  fi nd ings of th i s  s tud y .  
I n  the  cases s tudied ,  the  rout ine  s l i t  a n d  scrape method of  d iagnosis of leprosy 

by a single patch and/or ear lobule as is used i n  the fie l d ,  provided only 1 2% 
posi t ive resul ts ,  whi le  nerve b iopsies revealed 60% posi t ivi ty . M ul t ip le  sk in  smears 
increased the pos i t iv i ty on ly  to 1 8% whi le n asal scrapi ngs y ie lded a 1 4% pos i t ive 
resu l t .  Nasal b iopsy increased this to 20%. 

As e xpected,  the bac i l lary load of t i ssue was lowest in the tuberculoid part of 
the spectru m  and greatest on  the lepromatous s ide .  

The find ings of  h isto logy and homogeni zat ion corre la te  fai rly wel l  e xcept in  
the sk in  where homogenizat ion ( 24%) was better  than h i s tology ( 1 8%) for 
detect ion of baci l l i .  S ince th is d i fference was sign i ficant  (Table 3 ) ,  which ta l l i es 
with our c l inicaI  impress ion , homogenizat ion of the sk in  patch may be used where 
faci l i t ies for h isto logy are not  avai lable .  

Mu l t i ple sk in  patch b iopsies should be carried out whenever poss ib le  as they 
have a bet ter  chance of  provid ing a posi t ive resu l t .  

The i mportance of  voluntary musc le  as a reservo ir  of M .  leprae, as described by 
other authors, has  not  been borne out  i n  this  s tudy .  I n  fact ,  th is  s tudy revealed 
that muscle was the least affected t i ssue in  mano  Actual myosi t i s  was even rarer 
than i n terst i t ia l  t issue i nvolvemen t .  

Scrota l  s k i n  biopsy has been shown t o  b e  a most su i table and pract i cal s ite for 
the d iagnosis of leprosy both by histological and bacteriological findings. This 
involvement  is chietly restr icted the the nerves .  In fac t ,  c 1 in ical ly un involved 
scrotal  b iopsy is often  a better  indicator o f  leprosy than even a c1 inical ly i nvolved 
skin patch in the borderline and lepromatous types. ( Pandya and Ant ia ,  1 974) .  
Wherever histo logy fac i l i t ies are  no t  ava i lab le ,  the  presence o f  ac id  fast baci l l i  can 
be ascertained by the examination of a smear obtained from the homogenate .  
This would prove to be a superior method of bacterio logical d i agnosis to mul t iple 
skin smears or nasal scrapings or even homogenizat ion of  sk i n  patch especial ly in  
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l eproma tous I cprosy anel cou lel be part i cu l a rl y  useful in fi e l el s t uel ies i n  the  
deve lop ing cou n t rics .  

Ly mph nodes showed a h igh rate o I' bac i l lary prcsence .  This  may i n d icate that  a 
large n u mber  o I' bac i l l i  a re trapped in the  I y m p h  noel es for even tua l  destruc t ion . 
Ana lys i s  showed that  it d i d  not seem to m a t te r  wh ich I ymph  nodes were 
exami ned i n  any  given case . 

Nasa l m u cosa had a sma l l e r  bac i l l a ry loael . Th is sma l l  load may be d ue to  
i ncreased destruc t ion i n  the  ear l i e r  phases oI' treat men t .  

The same reasons may  accoun t  for t he  absence of  ac i d  fast baci l l i  from a l i  t h e  
bone marrow smears examined .  There was  no un t reated lepromatous case i n  t h i s  
series .  

The q ua l i ta t ive i nvolve ment  and q ua n t i ta t ive bac i l l a ry load in  the nerves was 
fou n d  to be h ighest o f  al i  the t issues examined .  Nerve b iopsy has been shown to 
be a feas ib le  p roceel u re an el prov ides  the  best h istological  anel bacteriological  
eviel e nce for t he e1 iagnosis of l eprosy . Se lect ion 0 1' one o f  the c l in ica l ly  most 
i nvolved nerves gives as good a resu l t  as mu l t i p le nerve b iops ies .  It may not at 
present be a prac t ica l  methoel of e1 i agnosis except i n  spec ia l  c i rcumstances when 
d iagnosis i s  i n  e1o u b t .  The inel e x  branch of  the rad ia l  cu taneous nerve or a bund le  
b iopsy o f  an  involve el nerve i s  he lpful  for d iagnosis i n  ear ly  leprosy . 

The h igh i nc idence o I' M. leprae in the nerves of pat i en ts dec lared negative by 
the rou t i ne sk in  an el nasa l  scrapings me thod is  d i s turb ing and may emphasize the 
need for prolonged t rea tment .  I t  may also accou n t  for t he h igh re lapse rate even 
after bacteriological negat iv i ty  has been demonstrated .  

The fai l ure to reach s tat i s t ica l  sign i ficance in  sp i te oI' showing a h igh percentage 
o I' posi t i ve resu l t s  in t he tuberc u lo id n e rves is ve ry p robab ly e1 ue to t he smal l  s i ze 
of the samples .  However, the s i ze o I' the d i fference suggests that  i t  is c l in ica l ly  
i mportant and cannot be ignored .  

The h igh i nc idence o I' M .  leprae i n  the nerves o I' tuberculoid pat ients  (40%) as  
opposed to  other  t issues (sk in  ( 7%), dartos (8%) , nasal m ucosa ( 7%), l umph node 
( 7%),  voluntary m uscle (0%)) may ind icate the reason for the high i ncidence of 
the nerve i nvolvement  so typ ica l  o f  this  type of  d isease. 

Qur s tudy showed the nerve as a major ancl most i mportant reservoir of 
M. leprae in man both on  qual i tat ive h is tology ancl q uant i ta t ive bacterio logy . The 
bac i l l i  in the nerves were more sol i cl  sta in i ng when compareci with the same in 
other tissues of  the same pat ient .  The bacteria l  loacl was h ighest in the nerves 
whe n  compareci with other tissues in the  same pat ient .  lnoculat ion in the mouse 
footpacl also showecl consisten t l y  h igher growth curves from the nerves when 
compareci with other t issues in  the same pat ient ( Bhat t  ancl Ant ia ,  1 9 74) .  The 
exarni nat ion oI' the incl ex  b ranch of the raclia l  cutaneous nerve has shown that this 
nerve i s  the earl iest t issue involvecl even prior to any c l i nicai man i festat ions (An t ia 
et ai. , 1 974) .  Th is leacls us  to believe that  leprosy resul t s  i n  a cl iffuse though 
sub-cl in i cai peripheral  neuropathy even at  the earl iest stages of the cl i sease. 
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